The initial score was calculated by the Alvarado Scoring System (ASS-MANTRELS), total score of 10, a score of 5 or 6 is compatible with the diagnosis of acute appendicitis. A score of 7 or 8 indicates a probable appendicitis and a score of 9 or 10 indicates very probable appendicitis. In such HSCT patients which the LS of the ASS-MANTRELS were NA.
b ' − ' = negative; '+' = positive; '/' = patient did not do ultrasound examination. Table 1 ).
In our study, acute appendicitis occurred at the median time of +4 days (range: − 1 to +7 days). The main clinical manifestations were fever, anorexia, nausea, vomiting, right lower quadrant abdominal tenderness and migratory pain. Nine patients had lower right quadrant rebound tenderness, eight patients had lower right abdomen migratory pain accompanied by anorexia and seven patients had nausea and vomiting. All 10 of the HSCT patients acquired acute appendicitis during the neutropaenic phase, so the laboratory index including L (Leukocytosis) and S (Shif to the left) of the ASS-MANTRELS were not applicable for these patients, and their initial scores ranged from 5 to 7. It seems that the ASS-MANTRELS was not sensitive to such a situation since the occurrence of appendicitis is higher in patients who underwent HSCT according to clinical experience. In 8 patients who had ultrasonography performed, 6 showed thickening of the appendix wall and fat stranding. Considering the sensitivity and specificity, we defined the positive ultrasound result as a score of 2 and the negative result as 0. The final scores of the ASS-MANTRELS plus the ultrasound score (U) for the patients are shown in Supplementary Table 1, the new scoring system could be named ASS-MANTREU, it including symptoms, signs and the ultrasound examination result (Table 1) .
Ten patients received nonsurgical approaches, including bowel rest, total parental nutrition and broad-spectrum antibiotic therapy combined with two or three antibiotics, such as piperacillin/tazobactam, imipenem cilastatin, teicoplanin, meropenem, tigecycline, etimicin, vancomycin, levofloxacin, cefoperazone sodium and sulbactam sodium, metronidazole, together with water electrolyte balance maintenance treatment and supportive care. The abdominal ultrasound was indicated as negative when it was rechecked after the signs and symptoms of acute appendicitis disappeared. On the other hand, there were two patients who developed sepsis during the neutropaenic phase. One patient who developed refractory sepsis from Escherichia coli had it resolved by treatment with tigecycline, piperacillin/tazobactam and levofloxacin. The other patient infected by E. coli had the infection resolved by treatment with meropenem and teicoplanin ( Table 2) .
During the follow-up period of 24 m, eight patients did not show relapse, one patient died from gastrointestinal bleeding 2 m later without recurrence of appendicitis and only one patient relapsed, which occurred 1 year later, but it was resolved by appendectomy (with the pathological result of gangrenous appendicitis).
The average incidence rate of acute appendicitis is 0.1% in the general population. 4 When leukaemia patients undergo transplantation, the risks of infection are much higher, especially during the neutropaenic phase. The occurrence rate was 1.29% (10/776 patients) in this study, which is below the incidence rate of 1.9% (3/154 patients), which was observed amongst 154 children in a study reported by Warad et al. 5 In this study, the occurrence of appendicitis may be related to the following factors: (1) cell resources from an allogenic donor; (2) the mismatch of blood type between the donor and patient; (3) an underlying disease, such as ALL; or (4) a history of infection, especially intestinal infection, before undergoing HSCT. However, we do not have sufficient data to draw a conclusion.
In most medical institutions throughout the world, the diagnosis of acute appendicitis follows the criteria of the ASS-MANTRELS, and although some also use ultrasound or computerized tomography, 3, 6 there are no available diagnostic criteria for patients undergoing HSCT. In this study, in such HSCT patients for whom the LS of the ASS-MANTRELS were applicable, the level of evidence for diagnosis would be upgraded when the ultrasonography index was added to the ASS-MANTRELS scoring system. computerized tomographic scanning (CT) is not convenient for such HSCT patients for the following reasons: (1) the LAFW in Nanfang Hospital has not been equipped with CT and the LAFW is too far away from the CT room; and (2) these patients have severe immune suppression and are highly susceptible to viral, bacterial and fungal infections. 7 Therefore, ultrasonography could be a convenient and operable index for such patients. In conclusion, acute appendicitis occurring during the neutropaenic phase of HSCT can be diagnosed according to the Modified Appendicitis Scoring System (ASS-MANTREU), 8 and the scoring system is also applicable for the long-time neutropaenic patients, because the indexes of LS of the ASS-MANTRELS were also not applicable to these patients.
The treatment choices for patients with acute appendicitis, who are undergoing HSCT, include surgical and internal therapies. In general, appendectomy seems to be a better choice of treatment for acute appendicitis. 5, [9] [10] [11] However, in the neutropaenic phase of HSCT, appendectomy is an extremely tough choice for surgeons and haematologists, 12 and none of the patients in such a condition were transferred to receive appendectomy. In this study, we showed that acute appendicitis that occurred in patients during the neutropaenic phase of HSCT could be resolved with internal methods that use a combination of different kinds of full dose broad-spectrum antibiotics, bowel rest and total parenteral nutrition.
In conclusion, acute appendicitis occurring during the neutropenic phase of HSCT can be better diagnosed according to the Appendicitis Scoring System (ASS-MANTREU) and can be resolved by conservative treatment with broad-spectrum antibiotics.
